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[There are no amendments to this patent.] 

Abstract 
Problem 

Since a ROM is used in a gamma table, the dot rate that determines the resolution of an 
image is limited by the readout time of the ROM and is not suitable for a high-definition display 
that demands high speed. Also, a change in the brightness of a screen, which is generated when 
gamma data are switched, appears as screen flickering, and the screen is very difficult to see. 

Means to solve 

A table for gamma correction is constituted by a luminance signal detection means that 
integrates the luminance signal level of an input video signal with respect to time, a gamma 
correction data storage means that outputs correction gamma data based on the output signal 
from the luminance signal detection means, and a storage means operated at high speed by the 
gamma correction data storage means. 
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Key: A R-video signal 

B G-video signal 

C B-video signal 

D R-gamma output 

E G-gamma output 

F B-gamma output 

G R-address 

H G-address 

I B-address 

J R-gamma data 

G-gamma data 

B-gamma data 

K SW switching lower address 

L 10 bits 
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6 bits 


N 


Upper address 


0 


Input luminance signal 


10 


Luminance signal detection 


11 


Gamma data switching 


101 


Integrating circuit (time constant circuit) 


102 


AD converter for gamma selection 


111 


Counter circuit 


112 


Write address generating circuit 


113 


Gamma ROM 



Claims 

1 . A gamma correction device, characterized by the fact that it consists of a luminance 
signal detection means that integrates the luminance signal level of an input video signal with 
respect to time, a gamma correction data storage means that stores several gamma correction 
data and outputs gamma correction data based on the output signal from the above-mentioned 
luminance signal detection means, and a table for gamma correction of the input video signal 
based on the output signal from the above-mentioned gamma correction data storage means; and 
the above-mentioned table for gamma correction is constituted by a storage means operated at 
high speed by the above-mentioned gamma correction data storage means. 

2. The gamma correction device of Claim 1, characterized by the fact that the integration 
time of the luminance signal level in the above-mentioned luminance signal detection means is at 
least 0.3 sec. 

3. The gamma correction device of Claim 1 or 2, characterized by the fact that when the 
inverse function of data in which the characteristic of an output luminance with respect to an 
applied voltage intrinsic to the display connected to said gamma correction device is normalized 
between a white level voltage and a black level voltage is basic gamma data and said basic 
gamma data are (VTGTx, VTGy), the gamma correction data stored in the above-mentioned 
gamma correction data storage means are obtained by multiplying VTGx by 1/n and carrying out 
an arithmetic operation of VTG_Nx(l - B/100) + B/100 if said 1/n-multiplied VTGx is assumed 
to be VTG Nx and the percentage of the black side that collapses when a white image is 
displayed on the entire screen is B. 

4. The gamma correction device of Claim 3, characterized by the fact that if the gamma 
correction data corresponding to a standard gray-scale signal are assumed to be a standard 
gamma, the gamma correction data selected when the screen is dark are assumed to be a dark 
gamma, and the gamma correction data selected when the screen is bright are a bright gamma, 
the gamma correction data stored in the above-mentioned gamma data correction are obtained by 
continuously changing the above-mentioned coefficient n from the dark gamma to the standard 
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gamma and by simultaneously changing the above-mentioned coefficient n and coefficient B 
from the standard gamma to the bright gamma. 

Detailed explanation of the invention 
[0001] 

Technical field of the invention 

The present invention pertains to an image display device. In particular, the present 
invention pertains to a gamma correction circuit for correcting the input and output 
characteristics in an image display device such as liquid crystal display. 

[0002] 
Prior art 

In image display devices such as a liquid crystal display, the following is an example of a 
gamma correction circuit for appropriately realizing nonlinearity of the input and output of the 
device and the gradation of an image. 

[0003] 

For example, according to Japanese Kokai Patent Application No. Hei 7[1995]-38778, 
the average luminance level of a prescribed period of a video input signal is set at a selective data 
of m bits by an AD converter and input into a gamma correction ROM. On the other hand, an 
input luminance signal is converted by an AD converter into an image digital data of n bits and 
input into the gamma correction ROM. The input luminance signal is corrected by the gamma 
data according to its average value and output. 

[0004] 

In this invention, if the average value is low (if the image is dark), the low level of the 
input signal is increased and output, and if the average value is high (if the image is bright), a 
high level of the input signal is output with good reproducibility, so that the gradation 
reproducibility is improved in both dark parts and bright parts of the image. 

[0005] 

Problems to be solved by the invention 

However, in the above-mentioned invention, since a ROM is used in the gamma table, 
the dot rate that determines the resolution of an image is limited by the readout time of the ROM 
and is not suitable for a high-definition display that demands a high speed. Also, the change in 
the brightness of a screen, which is generated when the gamma data are switched, appears as 
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screen flickering, and the screen is difficult to see. Also, favorable gamma data at the time of the 
transition from a dark screen to a bright screen is not mentioned, and the preparation of a gamma 
curve shown in the above-mentioned method is also very difficult. 

[0006] 

The present invention considers this situation, and its objective is to provide a means that 
can respond to a high-definition display, can lessen its flickering when gamma data are switched 
by an input signal, and can prepare optimum gamma data. 

[0007] 

Means to solve the problems 

In order to solve the above-mentioned problems, the present invention proposes the 
following means. 

[0008] 

In other words, according to the gamma correction device of a first means, it consists of a 
luminance signal detection means that integrates the luminance signal level of an input video 
signal with respect to time, a gamma correction data storage means that stores several gamma 
correction data and outputs gamma correction data based on the output signal from the above- 
mentioned luminance signal detection means, and a table for gamma correction of the input 
video signal based on the output signal from the above-mentioned gamma correction data storage 
means, and the above-mentioned table for gamma correction is constituted by a storage means 
operated at high speed by the above-mentioned gamma correction data storage means. 

[0009] 

Also, according to the gamma correction device of a second means, in the gamma 
correction device of the first means, the integration time of the luminance signal level in the 
above-mentioned luminance signal detection means is at least 0.3 sec. 

[0010] 

Also, according to the gamma correction device of a third means, in the gamma 
correction device of the first and second means, when the inverse function of data in which the 
characteristic of an output luminance with respect to an applied voltage intrinsic to the display 
connected to said gamma correction device is normalized between a white level voltage and a 
black level voltage is basic gamma data and said basic gamma data are (VTGTx, VTGy), the 
gamma correction data stored in the above-mentioned gamma correction data storage means are 
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obtained by multiplying VTGx by 1/n and carrying out an arithmetic operation of 
VTG_Nx (1 - B/100) + B/100 if said 1/n-multiplied VTGx is assumed to be VTG_Nx and the 
percentage of the black side that collapses when a white image is displayed on the entire screen 
isB. 

[0011] 

Furthermore, according to the gamma correction device of a fourth means, in the gamma 
correction device of the third means, if the gamma correction data corresponding to a standard 
gray scale signal are assumed to be a standard gamma, the gamma correction data selected when 
the screen is dark are assumed to be a dark gamma, and the gamma correction data selected when 
the screen is bright are a bright gamma, the gamma correction data stored in the above- 
mentioned gamma data correction are obtained by continuously changing the above-mentioned 
coefficient n from the dark gamma to the standard gamma and by simultaneously changing the 
above-mentioned coefficient n and coefficient B from the standard gamma to the bright gamma. 

[0012] 

Embodiment of the invention 

First, an outline of the present invention will be given. 

[0013] 

In the present invention, in order to detect the level of an input luminance signal and to 
adopt it as a switching signal of gamma data, the luminance signal is input into an AD converter 
via an integrating circuit including a time constant circuit and adopts it as an address for 
switching gamma data. 

[0014] 

At that time, a means that detects, to some degree, a moderate luminance change up to a 
steep brightness change of a screen by detecting the luminance signal for a long time in the time 
constant circuit is adopted. Thus, a brightness change and screen flickering when switching the 
gamma data can be suppressed. 

[0015] 

Furthermore, continuous gamma data are written into a ROM, and as a gamma table 
corresponding to an actual image, an SRAM is used. Thus, a high-definition display that requires 
high speed can also be realized. 
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[0016] 

Also, the gamma data are prepared by the following sequence. 

[0017] 

With either a liquid crystal display or CRT, first, the applied voltage-output luminance 
characteristic (VT characteristic) intrinsic to the display is required. 

[0018] 

While applying to the device a voltage from a white voltage to a black voltage at equal 
intervals, the output luminance characteristic is measured. 

[0019] 

These data are normalized between the white voltage and the black voltage, and 
monotone incremental normalized VT characteristic data in which black is 0 and white is 1 at 
both the abscissa (input) and the ordinate (output) are prepared. 

[0020] 

The inverse function of the normalized VT characteristic is a basic gamma of this display 
and corrects the VT characteristic. 

[0021] 

If the abscissa data of the normalized VT characteristic data is VTX and the ordinate data 
is VTY, the basic gamma data VTGx (input) and VTGy (output) are expressed as follows. 
VTGx +- VTY 

VTGy <- VTX (equation 1) 

[0022] 

With the use of the above-mentioned basic gamma correction, the output luminance 
change is linearly changed by the input signal. However, for a linear luminance output 
characteristic, the image is generally a solid white image, and the contrast is decreased in the 
image. 

[0023] 

With a downward convex output luminance change, since the entire screen is brightened 
and the contrast is increased, the gamma data are corrected so that the output luminance has an n 
power curve. Hereinafter, this is called n-power correction, and in order to realize this correction, 
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1/n power is set at the input side of the gamma curve. Therefore, the gamma data VTG_N 

including the n-power correction are as follows. 

VTG_Nx^(VTGx) 1/n 

VTG_Ny <- VTGy (equation 2) 

[0024] 

Also, when a white image is displayed on the entire screen, the contrast in the image can 
be increased by collapsing the black side. This is called a black cut-off correction, and a black 
cut-off correction of B% follows equation 3. The final gamma data GAM including the black 
cut-off are as follows. 
GAMx <- VTG_Nx • (1 - B/100) + B/100 
GAMy <- VTG_Ny (equation 3) 

The gamma data prepared in this manner are subjected to linear interpolation or spline 
interpolation, so that gamma data are prepared. 

[0025] 

In the present invention, in order to provide images corresponding to video signals from a 
low average value to a high average value of the image luminance signal, n pieces of gamma 
data changing continuously are provided. 

[0026] 

n pieces of gamma data are prepared by the following algorithm. 

[0027] 

Hereinafter, the gamma data in the darkest video signal are called dark gamma, and the 
gamma data in the brightest video signal are called bright gamma. 

[0028] 

The coefficient n of the above-mentioned n-power correction is continuously changed 
from the dark gamma to the k th piece [of gamma data]. 

[0029] 

The k th piece is called a change node. At the change node, a screen (IT pattern, gray 
scale, etc.) to be evaluated is selected, and standard gamma data are set. 
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[0030] 

Thus, sufficient gradation can also be reproduced on a dark screen. 

[0031] 

From the change node and the bright gamma, black cut-off correction and n-power 
correction are carried out, and the black cut-off coefficient B and the n-power correction 
coefficient n are continuously changed. 

[0032] 

The n-power coefficient of the bright gamma is set so that the luminance signal level of 
the luminance change curve of the change node gamma and the luminance signal level of the 
luminance change curve of the bright gamma are almost matched except for the black side. 

[0033] 

Thus, the gamma is switched only by a signal of the black side, so that flickering at the 
time of gamma switching can be suppressed. 

[0034] 

Next, an embodiment of the gamma correction circuit of the present invention will be 
explained based on Figures 1-6. 

[0035] 

Figure 1 shows an example of constitution in an embodiment of the gamma correction 
circuit of the present invention and consists of an input luminance signal detection means 10 and 
a gamma data switching means 1 1 . 

[0036] 

Figure 2 shows a data storage state of the gamma data ROM 1 13 of the present invention. 

[0037] 

The input luminance signal detection means 10 of Figure 1 consists of an integrating 
circuit 101 containing a time constant circuit and an AD converter 102 for gamma selection. 

[0038] 

In an ordinary integrated circuit, for an input luminance signal, brightness corresponding 
to the luminance signal is integrated with a constant value. In other words, if the image is dark, 
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the integrated value shows a low value, and if the image is bright, the integrated value is high. 
Clearly, for a luminance signal in which the brightness changes rapidly, the integrated value also 
changes rapidly. 

[0039] 

Switching of the gamma data means that even for a signal at the same input level, its 
output value is changed by the gamma data, and therefore the brightness of the screen is 
changed. 

[0040] 

For example, a window corresponding to 50% of the input signal is present at the center 
of the screen, and considering the case where the periphery of the window is rapidly changed 
from black to white, the integrated value of the brightness of the part corresponding to 50% of 
the input is changed by the brightness of its periphery, and therefore the gamma table selected is 
also changed, thereby changing the brightness. At that time, the change in the brightness of the 
peripheral part of the window is exerted as a change in the brightness of the window part, and 
therefore the brightness of the part that should be constant is seen to flicker. In the integrating 
circuit 101 in which a time constant circuit is included in this application example, a time 
constant of about 0.3-0.5 sec is given to the integrating circuit. In other words, it can be said that 
if the brightness in the vicinity of the window is changed rapidly, a moderate change is obtained 
as an integrated value. 

[0041] 

In an ordinary display, one vertical period constituting the screen is 1/60 sec. 

[0042] 

In other words, the screen is redrawn every 1/60 sec, and people view screens such as one 
with animation by continuously watching them. A time of about 0.3-0.5 sec corresponds to the 
time of about 20-30 screen refreshes. With the time constant being rendered, even if the 
brightness in the vicinity of the window is changed rapidly, the gamma data are moderately 
switched, and therefore the brightness of the window is also moderately changed, thereby 
suppressing the flickering phenomenon of the window. 
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[0043] 

The input luminance signal detection means 10 is constituted by the A/D converter 102 
for converting the integrated value of the luminance signal obtained in this manner into a gamma 
data selecting signal. 

[0044] 

Gamma data switching means 1 1 of Figure 1 consists of data input converted into digital 
data of the detected luminance signal, counter circuit 111, write address generating circuit 112, 
gamma ROM 1 13 for storing gamma data prepared based on a gamma data preparation sequence 
that will be mentioned later, SRAMs 114, 115, and 1 16 for each color as gamma tables, and 
switches 117, 118, and 119. 

[0045] 

In the embodiment of the present invention, as shown in Figure 2, since the gamma data 
being switched in accordance with the luminance signal are of 64 kinds and the luminance signal 
is digital data with 1,024 gradations, in order to switch 64 kinds of gamma data, the signal passed 
through the integrating circuit is set via the AD converter 102 at upper bits of 6 bits, and an 
address for selecting a gamma table for each of 1 ,024 gradations is prepared by the counter 
circuit 1 1 1 and input as lower bits into the write address generating circuit 112. 

[0046] 

Now, during the vertical blanking period, switches 117, 118, and 1 19 are switched to the 
gamma ROM 1 13 by switching signal SW generated from the write address generating circuit 
112. 

[0047] 

Then, gamma data in the gamma ROM 1 13 are selected by the upper address of 6 bits 
corresponding to the luminance signal from the luminance signal detection means 10 at that time 
and the lower address of 1 ,024 corresponding to black and white of the screen generated by the 
counter circuit 111, and each piece of RGB data separated into the three primary colors is written 
into SRAMs 114, 115, and 116. 

[0048] 

When the vertical blanking period is finished, SW 1 17, SW 1 18, and SW 1 19 are 
switched to the video signal data side, the video data to be displayed are input as the addresses of 
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SRAMs 114, 115, and 1 16, and the data of the gamma table are output from SRAMs 114, 115, 
and 1 16 according to the addresses. 

[0049] 

Figure 3 shows continuous gamma data in which the gamma preparation method of 
Claim 3 is applied to a liquid crystal display. The solid line a shows gamma data (dark gamma) 
in the darkest screen, the dotted-line b shows gamma data at a change node, and the dash-dot line 
c shows gamma data (bright gamma) in the brightest screen. 

[0050] 

The gamma has gamma data of 64 stages from dark gamma to bright gamma, and the 
change node is the 13 th stage from the dark gamma corresponding to the gray-scale signal. Figure 
4 shows data in which the VT characteristic between white and black voltages of a general liquid 
crystal display is normalized, and its inverse function is the basic gamma of Figure 5. 

[0051] 

Based on the basic gamma data of Figure 5, the continuous gamma data of 64 gradations 
are prepared as follows by changing the n-power coefficient and the black cut-off coefficient. 

[0052] 

Table 1 







n power 


Black cut-off 


Dark gamma 


No. 1 


n= 1.0 


0% 


Change node 


No. 13 


n= 1.35 


0% 


Bright gamma 


No. 64 


n= 1.0 


20% 



From the dark gamma to the change node gamma, the n-power coefficient is continuously 
changed from n = 1 to 1.35, and from the change node gamma to the bright gamma, the n-power 
coefficient is changed from n = 1.35 to 1. At the same time, the black cut-off coefficient B is 
continuously changed from 0% to 20%. 
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[0053] 

The gamma data prepared by the above sequence are shown in Figure 3, and when these 
continuous gamma data are used, the output luminance change on the display is as shown in 
Figure 6. 

[0054] 

In Figure 6, the solid line a shows the luminance output curve of the dark gamma, the 
dotted line b show the luminance output curve when the change node gamma is used, and the 
dash-dot line c shows the luminance output curve when the bright gamma is used. 

[0055] 

In a dark scene, since the luminance change of solid line a is generated, the gradation 
expression of the black side is good, and in a bright scene, since the luminance change of dash- 
dot line c is generated, the gradation expression of the white side is good and the black side is 
cut, and therefore an image with contrast is obtained. 

[0056] 

The n-power coefficient in the bright gamma is selected so that the luminance output 
change of the white side of dash-dot line c almost matches dotted line b, and screen flickering at 
the time of gamma switching is suppressed to a minimum. 

[0057] 

Also, clearly, the preparation of the gamma data explained above can be realized for 
software. 

[0058] 

Effect of the invention 

The following effects are exerted by the present invention explained above. 

[0059] 

According to the gamma correction circuit device of the invention of Claim 1 with the 
above-mentioned constitution, the output of the gamma data corresponding to an image depends 
on the readout speed of SRAM. Generally, the readout speed of SRAM is about 5 times that of 
ROM. Thus, a high-definition display that requires a high readout speed can also be realized. 
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[0060] 

According to the gamma correction circuit device of the invention of Claim 2 with the 
above-mentioned constitution, a brightness flickering of the screen, which is easily generated 
when gamma data are switched, can be lessened. 

[0061] 

According to the gamma correction circuit devices of the inventions of Claims 3 and 4 
with the above-mentioned constitutions, the reproducibility of black gradation in an entirely dark 
screen is increased while suppressing flickering of the screen to a minimum in combination with 
the circuit constitution of Claim 2, and the black area is expanded in an entirely bright screen, so 
that the contrast of the screen is increased, thereby obtaining an easy-to-view screen from which 
white jumps have been eliminated. 

[0062] 

Also, in gamma data preparation through this algorithm, since the gamma data can be 
easily prepared by changing three parameters, that is, the n-power coefficient, the change node, 
and the black cut ratio, optimum gamma correction for all signal media such as current television 
broadcasting, high-vision broadcasting, and personal computer signals can be easily executed. 

Brief description of the figures 

Figure 1 is a functional block diagram showing an embodiment of the gamma correction 
circuit of the present invention. 

Figure 2 shows the arrangement of gamma data of the present invention. 

Figure 3 is a graph showing continuous gamma data of the present invention. 

Figure 4 is a normalized graph of the VT characteristic of a typical liquid crystal. 

Figure 5 is a gamma curve for correcting the VT characteristic of a typical liquid crystal. 

Figure 6 shows an input-output luminance characteristic to which a continuous gamma 
correction of the present invention is applied. 



Explanation of symbols 

10 Luminance signal detection means 

1 0 1 Integrating circuit 

102 AD converter 

1 1 Gamma data switching means 

1 1 1 Counter circuit 

112 Write address generating circuit 
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113 Gamma ROM 

1 1 4 SRAM for R-gamma table 

1 1 5 SRAM for G-gamma table 

1 1 6 SRAM for B-gamma table 

1 1 7 Address changeover switch for R 

1 1 8 Address changeover switch for G 

1 1 9 Address changeover switch for B 
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Key: A R-video signal 

B G-video signal 

C B-video signal 

D R-gamma output 

E G-gamma output 

F B-gamma output 

G R-address 

H G-address 
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R-gamma data 

G-gamma data 

B-gamma data 

SW switching lower address 

10 bits 

6 bits 

Upper address 

Input luminance signal 

Luminance signal detection 

Gamma data switching 

Integrating circuit (time constant circuit) 

AD converter for gamma selection 

Counter circuit 

Write address generating circuit 
Gamma ROM 
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Key: 1 Upper address 

2 Lower address 

3 Gamma data 

4 * Optional data 



Key: 1 
2 



Output 
Input 



1 I — r- 


if 1 " 

L i 








ft I 








/ I 








1 


















j 
















/ 


^ j, 
















i i 




























f 




















r 


! 














) 






i 













• 0-1 0.S 0.1*4 fl.s 0,1 (.7 ,. b>b9 , 

0 AA 



Figure 3 



0.9 ; 

j 

* 9 ; 

i 

) 

t 

&.* r 



© 



§C 5 



* 3 

t 

0 i 



* I 0.? 0.3 o, 



JL 



Figure 4 



19 



Key: 1 
2 



Output 
Input 



0.5 



fl.J 



a. 3, 



ill" 

I — ! 


i 
1 




1 1 * ; 


i 


i J 

i 
i 


i 


♦ 


1 




1 j 


L U- 


• 










1 


1 ♦ 

Ir- 


I 


















* 
1 
















> 

► — ■ 






i 

r 






j 








i — 










1 1 


I 




- 


1 
















► 


i 

— — i ^ 






















1 
l 






r 







" 08 " " M •■• ' 

Figure 5 



Key: 1 Output 
2 Input 



20 



I 

3. » 

0. ! 

1. ? 
4 $ 
0.3 
0.1 
0.3 
D.i 

g 





\ ! 


i 
1 






T 


\ 


! 






f \| 










\ 


k 


/# 

*7 


















F 

• 














1 




'/ 


















/ *. 


































M 




















































i i . 







I I ! ( 



Figure 6 



Key: 1 
2 



Output luminance 
Input video signal 



mn*mmi¥ (jp) 02) & H ijgp & $j[ (a) (wmmm'mmn 

#^2001-184016 
(P2001-184016A) 

(43)4iffl S ¥j£l34p 7 3 6 B (2001. 7. 6) 



(51)Inta 7 
G0 9G 3/20 
3/36 

H 0 4 N 5/202 
5/66 



6 4 1 



F I 

G 0 9 G 3/20 
3/36 

H0 4N 5/202 
5/66 



f-7a-r(##) 
641Q 5C006 
SCO 2 1 
SCO 5 8 
A 5C080 



mxm<D&4 ol (± 7 m 



(21)ffiH## 


1-369302 


(71)ffigA 


000005049 










(22)tfiHH 


¥J5fcll*R2fl27 0 (1999. 12. 27) 




*Eflf*ETtRfSSfKfi«Hr22S22# 






(72)S89i# 


Jgffl 








*B^*RtfRftirag7tW22#22# 
























*Rfl*Rl1fRf&»Kfi?lW22#22# f 














(74)ftaA 


100103296 








#m± *a mm 








mm\zm< 



(54) mwozm x>vmimm 



(57) [KRj] 

[RIB] ^>7f-^tcROM^fflC^C^ 
fcaMc, R«(D)»lfcffi**«&S F * h U- ROM 



1 1 tf>T7=-y«ifc*. 
-mmwo — 



U7 

>o I 



R - 

S RAM 



118 



0- 

S R AM 



SRAM +. 



a-rrtf 



Ttett'U 




1 0K» K 





















102 




f 101 



AOWfll"!? 



1 

[#fffl)$©IBH] 

buIB#> vffijlEir- *EtS^K#> 6©Htt;fi-!f JcS^O 

[ffl$52] iiflfB»g^&ffl^©T-©i&fg{i-5fU^ 

i«r«P»i-r4lt*5 1 tCfBtS©#>vffEiSg„ 
[I»*13] HiEtf^vfSE^-^fatg^JCfBttii* 
ttStf^ltiE^-^B. 

ttlIE#ffl*iS|g©*!ftt£ S U t;Mlff i lU^^IE 
©ISjrE«{tLfc? t -*©MIW&£S:$#>^7 : -*<i: 
L. iStS^V-r^-f* (VTGx. VTGy) tb 
fci#£. 

VTGx?:l/nil. 

MtC. il/nt?hfcVTGx^VTG_Nxit. 
B£Lfc*#£. 

VTG_Nx- (l-B/100) +B/1 00 
tt*S»tc <fc 0 ft 6 ft S C i £#$[ 4 T S ilWBl 1 $ fc 

bm$b 2 tcia*s©^>-7?iiE^g„ 

«»B*iai^K:»tS-ttr»6ti*c£*1$«i-r*l» 
3 KE*©#> EUg. 

[0 00 1 ] 

0. fci^B, TfoH^-f x:?W©J:5&iIHftSI>j&H 
[0002] 

&©l^tS£3iEK|f^£fc&©;tf>v$E0S§{tM 
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[0 00 3] fc£;Ui#|Si¥7 - 3 8 7 7 8-Sf&«tCJ: 
fttf. i*&A#(t-st©B>T5i«llB©¥*3i5Sg A D 

EROMfcA^Sft. -*A^«Sff-^«AD3>^'- 
£(£,£9 n fc* ;> h<D9k1R?V>2 )l>?- Zlc$m$ti*f> 
vfflEROMtCA^Sn^o A#S*ifc»«t#B. t 
©¥^<itc t fc# o *'>vf- ^ •) ffiE S tiffl* 

[0004] C*iB¥*SltfcWai»»£ (H&»>*§ 
10 B. A^M^Offi^U'WfcftfcitfrBtfJU ¥ 
$tt#ftl>>J|gB A^fl-^© 

6 HJ & I & PgPIS^ttSr imJb-T -5 i t > "5 BUT 
*5. 

[0 00 5] 

fc&fC. i*#©^S?r^5 h* y h U- f-B. ROM 

^C^HffliJ&S. gfc. BSl,>iaffl*>6. 9!4<<»ifil'^g 
tf LTO< |g{C i£<DX *> fc#>vr- Z i f tt«Ml>© 

MtmR 3 *ir *$ h r . ±ibipji cc ?n s *i s j; 5 & 

■ v*-^©f¥JSSfe#«KH» , C**4lf^lBI«tW0'r 

[0 00 6] #2PJB. *©£ "5 &tKMfc£#-C&S*i 

fc *>©-?. jhmoi&tv x^wfcfc*tt&-c*, 

30 oA^ff-^CcJ:-5**>-77 : -$©W0mB$K:&. ^© 

r**«*««f 4«>©-c*s. 

[0007] 

[■MteiSfiiM-sfcfco^a. *^B±ia^gi*«^ 

[0008] sn^. m\o>3-®Lfc£*>i3i-<~?mxMW: 
B. A*^fi#©i»a(i^U"<;i'?:B$^6 < )tca^s 

ft. ara«afc#fcw#aA>6©ffl*ft#Ks-5t>T# 

40 VvfSE^-^^tH^f-S^vvfflE^-flBtt^e 

•5C>r. A*^ft#©**>-7fflE?rtf^^>vSEffl 

B. S5E*'>-7^E7 ; -fEtf.#SJ:«?i«)lK:Siif / p-rs 
Ett*SK:J:*)«fiS3*ari,>a. 
[0 00 9 ] *fc, W2©^a«:±S^>vMEiait 
B. WEJUlO^aKiS^^MEiisBKto^r. f) 

E«tt^*w*a-c©wfi<i# u^;u*a^-j-s^m 

*. iJ>ft < 4 «> 0 . 3 #-«±i L fc. 
50 [0 0 1 0] *fc. »3©*S«:j:*#>-7|iiEiai 
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**'>7f-^tL, K**^>-7f : -^?: (VTG 
x. VTGy ) £L/ct§£. VTGx*l/nSl/, K 
CC. »l/niit;**i;fcVTGx£VTG_Nx£U H 

tbtcm&, VTG_Nx • ( 1 -B/l 0 0) +B/ 

[ooi i ] gsc. mA(o^mt&z>ijy-?mmw. 
zijy^ffijEr-zzw-tfy? totems. Hg*->v^ 

[0 0 12] 

[#sgij©j«s©^,$u £?, xmmngzmvtfrz. 

[0013] *«^r-«, A^JSSm^J: »)^©K 

-*(CA^JL. fil/-??— £#JJ£Affl©7 K UX £T 
[0014] C©B*. lSgfi^0^tti^B#SS[HlSS-C* 

ftS^fb. S6o**»sa.ftc£*ia#fc. 

[0 0 15] ili^Lfc*'>-7r-^«ROMtc 

RAMtll>fc. CftK£9ffijttt#S$3tifti«mil 

tt*5«c 4>*ttS pJtl tn-, fc. 
[0 0 1 6 ] X. **>-7f I "?«Ji(T©#IIfcJ;-,'r^ 

[0017] fg&7 s *x7 , u-r-e&-3-c&CRT'C*^ 

©*Jtt (VTifftt) *9Jjer4!««B39«*5. 

[0018] ^<-f XJce«E-«*EIIB-C«IBIWc« 
E£ EUJJD 0 ft # 6 tti^Sg^tt* m&*& . 

[0 0 19] CO^-jfieWE-HWEffl-CESMb* 

m». MM (A2>) tfM <HtfJ) i4>tcn^o~e*n 

©*5Jiif fiDftlESUb V Ttttt-f - *4f¥ft. 

[0 02 0] iE^bVT^ttW^HB^c©^^ 
^©S**->VC$)D, VTHttiajE-rft. 

[0 02 1 ] iESI^VTWtt^-jfOaWif-jriVT 
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X. liSf-^^VTYitiit, 
VTGx (A*) . VTGy (Hi*) » 
VTGx-VTY 
VTGy-VTX (5U ) 

[0 02 2] B5IS**#>v$iE£m>££tti;*7ifg£ 

^■rft»ttai*i*tt©4*-«{cifc»ttetffc'fj'-y 

<tft<5. n^h^JUJWfln^fcBfciftft. 
10 [0 02 3] C©ffla«KKfb*TfciW:T*C4t?B 

3ars^{ctt^>-7*-^©A*wi* l/nstc-rs. 

< fcotniiiE^«)fc*'>'7f-$VTG_NIJ 
VTG_Nx- (VTGx) ,/n 
VTG_Ny<-VTGy (5$2) 
iftft. 

[0 02 4] ■ffi±<*{cSl<>!feflW 5 «7n3tlfci 
20 *J(HII*Sir*t?R«l©a > h 5 X UB4±tf ft*WC 
*ft. Ctl*H*» httiEiPfA^iL. B96©H*» 
hfflIE«5£3}Cfi£5„ l*^^fci»*'>?f- 
£GAMtt> 

GAMx<-VTG_Nx • ( 1 - B/ 1 0 0 ) + B/ 1 
00 

GAMy*-VTG_Ny <5£3) 

«±©<fc 9 fc LTfBflE 3*lfc#> vf 1 - ir &j&|MM. 

a. 

30 [0 02 5] *%IP! (c fee » r ttlWSffl^tt^l 
6itfl>t§££ TB«©#{CIE Ufc!MR4«ffi-r 
ft&fc. a^W^{b-rSnffl©**>-7r-^5:^ 
[0 02 6] nffl©*'>v-f-i?«Ji(T©T^3 'JXA 

[0 02 7] StBgl>jBj«fi^K:teW5*>vf s -*4 

[0 02 8] Bf**>-7^e.kfSg*ritf(ian^ffiE© 
«»n*atlW{c8CfbS**. 
40 [0 02 9] C©kffll*£HWH<b»fc&C i i ^15 

iacfawwftjt/v^^-driaKEi-*. 

[0 03 0] CtlJCctOBt^ilffitCte^-C^^ftPiia 
IPlA«J^ift.5 0 

[0 03 1 ] ^gp**^^>v$-C«M*^ hffliER 
CfnJWIjESm*. **» H*«B4n*»iE«»n* 

Hfcwtcsefbs-tf*. 

[0 03 2] HJ*'>v©n^^«. ti**>-7KJ: 
S«BK{b*-^iW#>v{cj:S«lS3Cfb*-^»lS 

so it** u^awmMfewraH-s-r « j: 5 kbbe-t 4. 
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[003 3] CfttCj: 0 ij>-7&mM<Dm^V<Dfrty<i) 

[0034] &tc. *S6W«:J:S^>"^iEHB«^5i6 
»ffi©-W*H 1 71MHB KS-5t»T«T«:BIBIi-rS. 
[ 0 0 3 5 ] 0 1 B. *«W«:«k4^>v1iiEliB©3l| 

aio. a^r-zwowz.^mi i. asanas ft 

[0 03 6 ] 02B, $#&9§©#>v-f--*R0Ml 1 

3 ©f 1 - * ftMttiB&it-r Ht? * s . 

[ 0 0 3 7 ] m 1 ©A*»KM#ttW^S 1 0 B. KJ£ 
&|5]8§£^tf«#|5]8g l 0 l*J:eW>v»RJBAD=i 
1 0 2*>?>tilJ5£3ftTl>S. 

[0038] miz<Dmft®&vuAt)2titcm&fm 

*©*f flHI*c*frlSl, fc#©9B* 5 #-£©«Kc8l 

W**«9JSl>£«l»fBSiiVr. 3*8. W4 3©3Effc*iS 
*«cSb*£Vj:»Ke^©iI£B*©*{tKm». 9 

fmbMm&it? & c t tea*. 

[0 03 9] #>V7 t -£*W9fe;t.54t> J 5C4B. 

HtfJ«*«a*>*it>5C£"C*»). CftBITODWaS 

&mtt*> il> 5 C 4 

[0 04 0] /ci^tfBM©**KA*ft^5 0%tctl 

arj^oFiiiiM, ^^>K->©jaja*j«*>6-a 

(C*Mc£{tTS«fc5ttJI£***.a£. A2J5 0KK' 
fflS-r*a^©M«3B. *©^2©HJS§K:J:-oTS 
aflWSEto*). J^-CiltRSftS^v^-^Ufcgto 
£C4fc:J:i3. M-B3*qCIWS. C©»*. <?-r>h"f 
JSjSSB#©IB £ $ ©^Stfs -C> F %mom i> 3 ©^ 
•il/catti/tite. !SSWK:-jEr*5»«*©aB» 
©9i*3:Wfc6oi>TS*.*£<,»53H*£ttS. 

«©^£a@»*i^*nfca»HKi o i©»^a:. c 
<omft®mmo. 3#*eo. 5#«tt©iS5£a*j* 

fc-ttfc. o*0. Kfflia©i!B 4 S 

LTfe. 8l^4LTBtt*J&>&gfb&nS6ft5£e9 

[004 1] a*©*** a 7'U •*©«£, BE£1fl&f 

* i mmmt 1/6 o#r*&. 

[00421-3S0, l/6 0«.'SCCliffl3&J#**>^.6 
ft. ATOtt*ft***LT*SCiKJ:9ttHttdr©B 
ffl*BH-rS©r*5*J. 0. 3#*>60. 5&HS4 
t»5l&HBBiH-CS5 4^2 0**6 3 0MSS©ft 
IBtc^rs. C©«FS»*«Ffc-&SCtKJ:»3. f Y 

^-^©ijjttiiiar). f-rvK^a^oipissfcii 
[0043] A^aa<t^^ai#e 1 o £ otb. c © 
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«fc5tcOTf§6ftfcllflMi*i©8l#tBS. #>vr-£ 

ft-cos. 

[0 04 4] 01©#>v-7 : -£tfJDg;i#|&l IB. 
tfcffl SftfcJfSff fOr^ Sul^- $ (C 3 b 2 ft 

■ttf-nKht. #v^*fmi 1 1. »#ji*rh*u 

*»*@K1 1 2 4. SHca^SJi/^^^-ffffi^W 

{cSovrfB£3ftfc#> ?f- $ifi&W.$ ftr 
>vROMl 1 3. &tftf>vf-:/;biftS§fefJl© 
10 SRAM 114, 115. 116 4. X-Y * ^ 1 1 7 . 
118, 11 9 #>6#fi£SftT 
[0045] *«W©iaBgS8rB. 13 2 (C^T J; 5 fc 
WSCfi^K J*J£L r W 0 * #> v * £ 6 4 « 
S. »gft#Bl 0 2 4FgiS©f : y^JUf : -^4L-r^ 
Sfc. 6 4«B©*/> , 5'f s -**W0»*.aa. «#IH 
8S*iir>ft:fi#*6 try KOAD3>A-$ 1 0 2£:ft 
L/T±{4t' 7 h 4 L. 1 0 2 4Pgf)§-£ft€ t ft©#>7f- 

-^;u*ajw-rs^©r ku^**'5>*08Si 1 itc 
20 x^insgi i 2*cA*o-a»s. 

[0 04 6] 4-. SiS©^5> + >^ffifflCC^-5,4. * 
ii*7KU^«4iaBl 1 2«C<fc9?££l/fcSW<7J9S 
^.fi^Cj: 0 X -f 1 1 7, 118. 1 1 9M>7 
ROM1 1 3ffltd?J9&;Le>ft£. 

[0047] *©«. *©BS©*KM#*HH*S 1 0 *> 
6©i»afi-^(C>!tJt. t, fc 6 t* y b <D±ML7 V U X 4 . * 

vyms&i i iKj:oTf^LfcBffi©*a»6acc*f 

IL.-T51 0 24©T<4T h"UXKJ;9. *'>?ROMl 
1 SrtC^vf-jriJjiRSft, 3WeK»W3ftfc 
30 RGB-eft-eftC^-f^SRAMl 1 4. 1 1 5. 1 
1 6K#tiA*ft-S. 

[0 04 8] SiI^^>+>^»JFa^7-rS4. sw 

117, swi 1 8. swi i Qiwa&fm'f-i'mt 

4. 115. 1 1 6 ©7 KUX4L-CA2J$ft. SR A 
Ml 14. 115. 1 1 6 -e-OT h'U^CCOfc 
*5 o fc*> - ^©ir- ^ 4 ffl^J-T 4 C 4 K 6 „ 
[ 0 0 4 9 ] 1 3 BM*g 3 ©# > vfBSffiiiKaf 1 4 
X 7' U-C {Cjgffl L v t 1 - 3? *m b tc h ©T h 

40 i). Hi^aBStBgl,>Biffi(cfcWS^>-7f r -^ (Bf*' 
>v) . * i gbB^fiS*K:fetf5^>-7'7 t -5'. -*JR 

•icBafews^HiffiKtotfs^vvf 1 -* may 

[0 05 0] ^>vB^*'>-7*>e?8^>v$-r6 4l8 
W>7f-^SoTfci), ^16.^.4 LTIjyu- 
^4r-Jl/«^*J^rB**«//>^*»6«ifCl 3#S 
4 0Tl>S. H4B-®Wtt^-f -/ X^U^caum 
EEfflOVT^Ftt^iEaftLfc^-fC*"). C©^^ 

tmxny??- % m 5 r**. 

50 [0 05 1 ] 05©**^>V7 r -^*7cK:, n$&% 
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W^>vjJ»6SCB^J!/>-7*rttniR<!!)ffl«f!4n = 1 
61. 3 5*rat*Kj(c£{t3H*. Vm&H^ifrhW 
*'>vitBnli©»n=l. 3 5#>6 lgt^ft 
imB#(c||* 5» hfl%BK0K*>62 0KS-$ftH 
WlcSMfcSltfc. 

[005 3 ] WiO^JBK.irjTffoSSttfctf^vf 1 - 20 
«13r*D. COjSKtf^v^-^fcJB^fci*© 

[0054] HBtCte^THSaliBf^vfCiSJSS 
tfWJ*-?'*. j&Rb B»5#>v£ffll>/c£*©« 
Kffl**-^*. -&IMIlcB9!:tf>v*flH»fc£*© 

[005 5] Bf^ifffiKfct>TBjtii£a©S5Sg^{b£& 

c ©HB0tf fc<fc A&fflOBH^aay: < MWJ 

h3nri,^3&. 3> MS©*S8*«£tr 30 

a. 

[ 0 0 5 6 ] (Htf^vtcfctta n JSff»»-jS«|lc © 

a«©»tta*^b3&*^iB b i aa-sw i> & *> tcma 

tlXis*), CtiKJ:oT#>v$9&*>iJ©Bg©iIiE-fc 
[ 0 0 5 7 ] ft. filhilffll/fc^^^f-jrCffiaB. 
[0058] 

[ »«©»£ ] JJEtc TlftBjj $ tifc#*HB fc J: 9 «T© 

40 

[00 59] M#g 1 CclBlK©»!3Cc:fl& #>vfj§IE[5| 

tt£TS#>7f^-*©ffl#B. SRAM©Kffll/jSK 
Kftff-fSCifC&S. -flattSRAMOSsttJLilS 
B. ROMCCjt^5(gtI<!:*©Xf-K*l4)f). C©Ct 

«. iSji©KHibaa^siii^Kffliffl7 r -*^yb'f 

K S t £ *J dM£ ft & . 

[0060] m$m2 {c£4S©^{C^S^>v|jtEiI 
KB. ±aUc£5&fltfiU0T(,>S©-t\ #>vr- 



[006 1 ] 9ll$JB3 . 4 fclEU©*9!R:(ftS#>vli 
JEEKB. ±ifil/fcJ:^ft1lfiEiUri»4©r. 3*3109 
2 ©|5I8§^i $>to-ttlM©^ 6-3* 4*/MS(c*5<* A 
■oo^flsflejKBgl>init?©Jll©Hm©IP!Itt**». £ 

ftffjfcE & I ^Hffir «H©ffia*)A«>femWK:Hffl© 3 

[0062] ttc. CCT^^'JXAtC^^^vr- 
*©fl9SB. #*>vr-£©<«t£&ifcSnfii©&£[ 
i. «*» h©tte©3o©^5^-f-*a 

* £*(c J: 0 § gtc v r- * £{f fitf 4 c t 
6©r. A^3n^.^«<l^©Sa. fctAKBfTf-U 
ejfc£. ^-rtr^3>S^. a >«#©«* sec* 6 

[HIB©1V#«:MIS] 

[0 1 ] *mJifc£Zti^ffiiE®&<D-mmBMZm 
[0 2] *«WKJ:«*>v-f-jf©IS»J*^riat?* 

[S3] ^IPJKJC-S^tf^T 1 -*©^^'* 

So 

[04] -*Wtt*ft©VT1$fl:©iE3Mb*57r* 
[05] -Mtttt«ft©VTWtt*»I-r*#>v*- 

[06] *»M{c«fc4aMjSi!/>vME**»tffcA*»a 

[ft<*©BMii. 

10 M&li#*ib3& 

1 0 1 «#leI8& 
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1 1 6 B-tf>vf-yjfflSRAM 



(6) 



0 0 1-184016 



10 



* 1 1 7 RfflT KUX#Jft;tvW 

i i 8 Gfflr ku*$j»;l;w 
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